Abstract Abu Kir Bay was found to be more suitable area for ascidian collection in Alexandria waters, especially the locality known, in public, the Dead Sea. Specimens of Styela plicata were collected monthly during 1 year. S. partita is usually found attached to the basal part of the other Styela. Both were carefully identified according to Vasseur (1967) and Millar (1970) . Adult specimens of S. plicata with suitable and same size were dissected to examine both nervous and reproductive
Introduction
Protochordate ascidians form an important, even dominant group of the fouling complex in Alexandria waters. Styela as a genus, like Ciona, constitutes a suitable portion of this fouling. Ascidians constitute a group of tunicates (Millar, 1970) . Tunicates, in general, and ascidians, in specific, have been popular subjects in developmental biology since more than a century (see Morgan, 1927) . However, in our department, no thorough studies have been done, but discrete works were achieved. Khalil (1961) and Sedra and Khalil (1971) added some knowledge on tunicates of Alexandria district. Studies distribution and taxonomy of ascidians in Alexandria waters (Abdel Messeih, 1982 and Abdel Messeih, 1994 ) are now considered a valuable guide to where and when one can obtain a definite ascidian.
Michael, one of the authors, planned to study the role of the nervous system in the vital activities of the ascidian, in general, and in its reproduction, in specific. This needs surgical experiments to isolate or to damage the nervous system and then to maintain the treated animals in an equipped aquarium to follow the results. Ciona was chosen since it has a transparent, somewhat thin tunic (test) , that facilitating the determination of the site of the nervous system, so simplify the treatment. Two main difficulties failed this plan before its beginning: (1) Maintenance of marine animals, even normal animals, in an equipped aquarium in the laboratory does not proceed successfully. A number of trials were made to maintain ascidian, e.g., Styela sp. even with change of sea water daily, the animals lived somewhat healthy for a limited period of time. Our laboratories are not equipped for this type of study.
(2) Ciona, itself, at that time of this study, was not available in suitable number, and/or size in their well-known site in Alexandria waters, perhaps due to oil pollution. On the contrary, Styela was available all over the year, so the plan was changed. It was directed to a different method, with keeping the same purpose. It was planned to study in full detail the structure, especially the histology of both the reproductive and the nervous systems of this available ascidian, S. plicata. From the histological picture and some possible field observations, one may be able to determine the breeding season and/or the reproductive cycle of such species. Furthermore, it may be possible to observe structural changes in the nervous system which may be correlated with the changes in the reproductive cycle.
Materials and methods
Abu-Kir Bay, about 15 km east of Alexandria, was found to be a much suitable field for ascidians. Certain locality of this bay is well known--in public--as the ''dead sea'' was found to be Figure 1 Photograph of a whole mount of a fixed specimen of Styela plicata. Individual of S. partita (indicated by an arrow) is settled at its base. About the natural size. the main locality from which the specimens of the present work were collected. The Dead Sea is considered as the much polluted region in Alexandria shores, but not oil-pollution. It is the site of draining of the waste products of several industrial fabrics. The greatest depth of this locality is about 8 m. The bottom is entirely muddy-sand mixed with shells of molluscs (Saad, 1995) . It is occupied with the different constituents of the fabrics such as the debris of platforms, tanks, pumps, etc. which are made of iron, rubber and/or wood. These are suitable substrata for different living ascidians.
Two species of Styela are present in this area. S. partita is very small measuring, in the adult stage, about 5-10 mm in length and 3-6 mm in diameter. It is usually found attached to the basal part of the other, S. plicata (Fig. 1) . The latter is comparatively very large, measuring about 10-80 mm in length and 4-40 mm in diameter. This is the material of the present work. Both Styela were carefully evidenced that they are sea squirt, especially the small ones. Some live specimens were kept in an aquarium in the laboratory and added carmine granules as a vital stain to the sea water. Then the coloured water was observed as a jet coming out of one siphon of the animal. Again, these young specimens were well differentiated from each other, and from other ascidians in the vicinity according to the criterion recorded by Van Name (1921 , 1945 , Vasseur (1967) , and Millar (1970) . Saad, one of the authors, collected specimens of S. plicata regularly once every month during 1 year for this work and tabulate them (Table I) . Specimens were collected previous to this period as introductory material; and others were collected in different months after this period to confirm some observations or results. Saad also collected specimens during the period from March 1997 to February 1998 to restudy this species in comparison with two other species (Saad, 2002) . Again, he collected these three species during 2006-2007 to study some aspects in much detail (Saad, 2008) . So, he becomes familiar with ascidians, in general, and proficient in obtaining any species whenever it is wanted.
Anyhow, every time he obtained the specimens of each collection from different depths by diving whenever the weather permits. During the unfavourable conditions, he obtained the specimens from shallow water. He released the specimen manually to become free from the substratum and then handled carefully. Live specimens of each collection were transported, at once, in well-aerated sea water to somewhat equipped aquarium in the laboratory. It may be considered that the animals of each collection were successfully reared only during about 1 month.
Some individuals of convenient size from each collection of each month during a period from October to the following October, were selected for the macroscopic and microscopic examinations. The remainder of the collection of each month was preserved in 10% formol-sea water solution to be used at need. For the macroscopical study, live adult specimens were dissected in sea water. The tunic was removed gently and completely. The mantle was incised longitudinally along the ventral side of the animal (Tucker, 1941; Lambert, 1968) , to expose the viscera. Most of the viscera were removed gently to expose properly the nervous and/or the reproductive systems. Both were examined in situ by using a binocular stereomicroscope. By the same microscope, isolated gonads from other specimens were also examined. A third group of animals with the same criteria and treatment, but without incision of the mantle, i.e., keeping all the interior organs in their natural order, were prepared for the histological study. Of the many fixatives tried for paraffin sections, 10% neutral formalin proved to be unsurpassed. During or after dehydration in ethanol, the material was cut into two portions at a level just below the two siphons. This means: anterior small portion containing the nervous system; and larger posterior portion containing the reproductive system. This was done to minimize the size of the material to obtain better embedding, in one hand, and to ensure correct correlation between the two systems, on the other. The material was then cleared in xylene, two changes for 48 h and embedded in paraffin wax (m.p. 55°C--58°C). The orientation of the material during embedding was with respect to the axis of the animal and not with respect to the obliquely situated gonads inside. Five to eight microns serial paraffin transverse sections were satisfactory obtained. The Eherlich's haematoxylin and eosin (Pantin, 1948) were used for the routine histological examination. Double and triple stains (Lee, 1950; Mahoney, 1973 and Pantin, 1948) were used to give sufficient differentiation of the tissues and/or organs. Photos of the whole mounts were done directly by a camera. Those of the dissected ones and/or portions of them, to represent the nervous and reproductive systems, were photomacrographed by binocular stereoscope. Selected sections and/or portions of sections were photomicrographed.
Results and observations
The structure of both the nervous and reproductive systems was monthly studied during a whole year. It was shown that they were affected by the seasonal variations not only in size, but also in their constituents. Consequently, special emphasis will be given in the following description to the changes that take place in these constituents and not merely according to Figure 2D showing the differentiation of the gonad. Notice the conversion of the gonads with their ducts towards the atrial siphon. AS = atrial siphon; Gd = gonoduct; OV = ovary; T = testis. the succession of the month, but also to the continual changes occur in the oocytes, in specific. The latter are so obvious to be a significant indicator to investigate the breeding season of S. plicata in Alexandria waters. These changes also become an efficient factor to divide the breeding season into definite periods. It is appropriate to mention that the field observations mentioned above were so significant in this respect. For convenience, each system will be dealt with separately.
The reproductive system

Gross anatomy
The reproductive system occupies most of the atrial cavity, just beneath the branchial sac (Fig. 2) . The gonads are arranged somewhat transversely in either side of this cavity. They are firmly attached to the wall underneath. In S. plicata, there are four gonads in the right side (Fig. 2C) , and only one or maximumly two in the left side (Fig. 2D) . The size of the gonad differs in the same individual and differs with the degree of maturity. A full grown gonad measures about 20-40 mm in length and 7-10 mm in width in an adult specimen measuring about 80 mm in length. Each gonad is an elongated ovotestis composed of highly convoluted tubes. The ovary occupies most of the gonad, while the testis occupies only its terminal portion. Each of the two entities extends for a very short distance as a transparent gonoduct (Fig. 3) . All the gonads are not completely parallel to each other, and each extends obliquely directed towards the atrial siphon, but ends in the atrial cavity itself.
The fresh gonad of each month was incised by a fine pin and gently squeezed but not smeared. The contents of the ovary can be easily observed than those of the testis. The individual component of the ovary is large enough and somewhat displaced and/or the ovary itself becomes a discontinuous mass. As it will be seen later, these are the acini appear singly or united with each other (Fig. 4) . Each acinus is spherical body, size and colour of which changes with the month and accordingly the size and colour of the gonad itself. However, the acini of a definite period may have, more or less, the same size and colour. Smaller pale yellowish to yellow acini appear during March-June (Fig. 4a) . Gradually, the size increases and the colour deepens, so reddish-orange acini with maximum size appear during September (Fig. 4d) . Then the smaller ones appear again, repeating the cycle till February. It becomes obvious that the differentiation of the size and colour of the acini is an essential factor causing the difference in the size of the gonad and/or the degree of its maturity. These observations of the gross anatomy enable to divide the morphology of the gonads during the year as follows: gonads of March-June; Gonads of July-August; gonads of September-October; gonads of November-January; and those of February. This division will be applied in the histological description of the gonads.
Histology
Since the whole animal of S. plicata was serially sectioned, the preparations fulfilled two purposes: (I) ensure that the description of both the reproductive and nervous systems is of the same period; (II) more than one criterion was evidenced: (1) The animal is not strictly cylindrical, but it is somewhat compressed. The dorsoventral axis of the animal elongates giving rise to this compression on the lateral axis.
(2) The outer wall of the atrium lines the mantle, while the epithelium of its inner wall constitutes the layer surrounds the outer border of the branchial sac (Fig. 5) . (3) The latter (pharynx) is an elongated sac with somewhat complex wall, since it consists of a bascet-like formed by the epithelial lining of both the pharynx itself and that of the atrium. (4) The gonads are embedded in between the muscular part of the mantle and its epithelial linning (outer wall of atrium), bulging into the atrial cavity (Fig. 17) . They are mainly Figure 5 A montage of micrographs of portions of one T.S. of S. plicata obtained during September showing one side of its internal structures. ·50. AC = atrial cavity; Alc = alimentary canal; BC = branchial cavity; DL = dorsal lamina; E = endostyle; M = mantle; Ms. = muscle; Ov = ovary; T = testis; Tr = trabeculae. All following figures are photomicrographs of portions of T.S.s of S. plicata. Notice that the gonads are not typically transverse cut, since they are naturally oblique situated within the animal. Figure 6 Shows the structure of the gonad during March. ·150. It shows different stages of development of oogonia to oocytes, also shows autolized oocytes. AO = autolized oocyte; GE = germinal epithelium; M = mantle; T = testis; YO = young oocyte. Figure 7 Shows the structure of the ovary during April: decrease of debris, developing of oogonia and/or young oocytes. ·400. AO = autolyzed oocyte; FO = follicular oocyte; GE = germinal epithelium; Oo = oogonium; St = stroma; YO = young oocyte. lodged on one side of the atrial cavity, but most anteriorly and they exist asymmetrically on both sides of this cavity. (5) The trabeculae intersecting the atrial cavity, connecting the outer wall of the pharynx with the epithelium surrounding the different portions of the gonads. The background tissue of the acini is continuous with that of the trabeculae of the atrium on one hand, and with that Figure 8 Portion of a T.S. showing groups of young oocytes, some moderate-sized ones, and few follicular oocytes (FO). ·150. Figure 9 Shows the structure of a whole acinus of the ovary during July. Also shows the germination of the oogonia and follicular oocytes. ·300. The lower photo obtained from another series of the same month. FO = follicular oocyte; Oo = oogonium; arrows indicate moderately-sized oocytes.
intervene the muscles of the body wall on the other hand.
(6) The gonads themselves appear in each T.S. of the animal as acini of ovaries and follicles of testes with different outlines and sizes. The acini are well differentiated from the follicles, but those of one gonad cannot be differentiated from the others. 
Figure 15
Oil immersion magnification of a portion of testicular follicle shows product of sperm during September, i.e., breeding season, ·1000.
Ovary During March-June
The ovarian region during March has different appearance. The peripheral region of each acinus is almost wholly occupied by large autolysed oocytes (Fig. 6) . Each of the latter appears as a rounded mass with discontinuous outline and without definite structure of both the cytoplasm and nucleus. This interpretation gains support since these oocytes during MarchJune decrease gradually in number, and the acinus becomes occupied by debris. This means that the ovary ends a cycle and prepares for a new one. At the same time, comparatively very small oogonia and/or oocytes appear as buds from and linearly arranged on the germinal epithelium of the acinus (Fig. 7) . Oogonium and young oocyte may be of the same size, but can be differentiated from each other by the relative size of the nucleus to the cytoplasm. The nucleus of the oogonium is very large occupies almost the whole cell, which measures from 40 to 50 lm in diameter. Typically, the young oocyte appears rounded with homogeneous cytoplasm and without extra membranes. On the other hand, its nucleus is very large relative to its size, but the cytoplasm constitutes the whole bulk of the cell. The nucleus is central in position and many of them contain nucleolus. Since, during this period, the size of the oocyte increases gradually, it ranges from 50 to 130 lm. These oocytes were referred to as previtellogenic oocytes (Saad, 2008) . Also, oogonium and young oocyte can be differentiated by their affinity to stains (see Table II ). During this period, March-June, the young oocytes, not only increase in size but also increase in number, at the expense of the Figure 17 Diagrammatic drawing shows -in addition to the relationship between the gonad and the body wall -it shows the distribution of its ducts indicated by short lines. Not to scale. AC = atrial cavity; BB = branchial bar; BC = brancial cavity; GE = Germinal epithelium; IAE = inner atrial epithelium; M = mantle; OV = Ovarire; TF = Tasticular follicle; Tr = Trabeculae; Tu = Tunic. autolyzed ones. The debris of the latter furnishes a substratum embedding the developing oocytes, which become displaced from the germinal epithelium to occupy the inside of the acinus. At about the end of this period, the cytoplasm of each developing oocyte increases in size and so it is no longer named young, but becomes moderate-sized oocyte (Fig. 8) . Also, its appearance and affinity to stains change too (Table II) . Its cytoplasm becomes granulated, and accepts a distinct outer membrane (follicular layer). The nucleolus of the nucleus becomes well differentiated, since it accepts deep stain. In addition, the outer surface of each oocyte attains a discontinuous layer of vacuoles, just in between the outer membrane and the plasma membrane. This type of oocyte gradually dominates in the acinus and so gives the ovary a characteristic feature at that stage of development (Fig. 9 ).
During July-August
There is no definite picture of acinus separating those of this period from those of the end of the upper period. So, the acini appear without autolysed oocytes, nor their debris. They are occupied by moderate-sized oocytes described above, i.e., they are homogeneous in appearance since almost all the acini are of the same size and at the same stage of development. However, each oocyte gradually develops further; its nucleus becomes excentric and faintly stained with prominent deeply stained nucleolus. The granules inside the cytoplasm increase not only in number, but also become deeply stained and well differentiated. So, they overcome the colour of the cytoplasm. The oocyte itself attains more obvious picture: (1) the outer membrane which is defined in the preceding period appears as a layer of deeply stained squamous epithelium (the outer follicle layer) (Fig. 10A ). This may be an artifact caused by some defect in technical preparation or may the cells, at this stage of development, accept more stain and so more identity (see Table II ).
(2) Similarly, the inner follicle layer replaces the layer of vacuoles as faintly stained cubical cells (Fig. 10B) . Few of these are critically observed invading the periphery of the cytoplasm.
During September-October
During September, the oocytes acquired, gradually, advancing features. First of all, a third follicle layer, the test cells, appears as a discontinuous layer inside the peripheral zone of the cytoplasm (Fig. 10C ). Oil immersion magnification shows few small cells invading the most outer surface of the oocyte (Fig. 10D) , mostly from the germinal layer. During late September, the picture appears more advanced. The oocyte attains more than one character. Since the cell accepts them during this short time, they may be formed synchronously: (1) the outer follicle cells disappear almost completely; (2) the inner follicle cells loosen gradually from each other and from the surface of the oocyte; (3) the latter surface becomes definitely limited by a comparatively thick membrane, the chorion (Fig. 11A ). This chorion can be well differentiated from the inner contents of the cell; (4) the test cells fade and each becomes as if it loses its individuality to merge with the contents of the cytoplasm (Fig. 11A) ; (5) these contents no longer appear as individual components, since all become homogeneous substance (yolk), while the test cells disappear completely (Fig. 11B ). Most of the oocytes then proceed to their end stage of development within the end days of September. This is indicated by the appearance of the debris of the inner follicle cells as remnants at a noticeable distance from the chorion surrounding the oocyte. It is worthy to mention that few cells derived from the adjacent germinal layer appear intact with these remnants. This picture gives the impression that such oocyte is in its way to be ovulated. This means that the acinus during September is occupied by late developed oocytes. The picture differs completely during October. In spite of the presence of few late developed oocytes, the acinus is mostly occupied with autolyzed ones (Fig. 12A) . This is an evidence that ovulation occurs as mentioned above. Further evidence is the appearance of nests of new young oocytes on the germinal epithelium (Fig. 12B ) which recalls the picture of the acinus of the gonad of MarchJune. These oocytes increase gradually both in number and size.
During November-January
It is excitable that the histological pattern of the ovary during this period is a continuation to that described during October, i.e., the structure of the ovary is a repetition to that of MarchJune, while that of January is a repetition to that of JulyAugust. However, the developing follicular oocytes are very few.
During February
The ovary during this month shows acini with different stages of follicular oocytes. Some of them have only two follicle layers, some others are with test cells, while few are partially ovulated. This picture can be considered as a repetition to that of September. But, it can be differentiated by the much debris and the few number of the ovulated ones. 
Testis
The testicular region of the gonad appears, in the T.S. as follicles with different sizes and outlines (Fig. 5) . Each follicle is enclosed, in addition to the outer atrial epithelium, by a very thin layer of germinal epithelium. The latter is not easily differentiated by any of the stains used, but with somewhat high magnification and critical observation, one can detect these two layers (Figs. 13A  and B) .
During March-June
The wall of the follicle during this time is well differentiated into two zones (Fig. 13A): (1) a peripheral, somewhat narrow zone, consists of arranged layers of small rounded cells. Each cell has a dense central rounded nucleus. And (2) an inner zone of some other layers of loosely very small deeply stained rounded cells. These two zones enclose a comparatively spacious central cavity occupied by some scattered faintly stained cells, and/or tails of cells (Fig. 13B) . Gradually during this period of the year, the inner zone widens at the expense of, especially the peripheral one (Fig. 13D ).
During July-August
The picture of the testicular follicles during this period differs from the beginning of above one. The inner zone and/or the central cavity can be interpreted as the site of the process of spermeogenesis (Fig. 14) .
During September
Many of the testicular follicles appear in their most advanced picture, i.e., the central area widens greatly occupied with tails of developing sperm. On the other hand, the wall is represented by a very thin layer (Fig. 15) . Also many other follicles appear as if they are empty, i.e., without differentiated germinal wall; and with scattered rounded bodies having the affinity of nuclear stains in between the remnants in the cavity (Fig. 16) . These empty follicles also were observed during December. It is appropriate to mention that the testicular cycle cannot be divided into definite periods like that of the ovarian one.
The gonoducts
The gross anatomy shows that the end part of each gonad extends as a transparent duct which appears as if it is an extension of the outer covering of the gonad. Histologically, unfortunately, there is no observation of definite vas deferens or definite oviduct, extending along the gonad. However, sort of ducts and ductules were observed within the acini or at their periphery facing the atrial cavity (Fig. 17) . Their walls consist of cubical or squamous epithelium with indistinct free edges which may have steriocilli or microvilli.
The nervous system
Gross anatomy
In Styela plicata, the nervous system occupies a very small and limited area in between the oral and atrial siphons (Figs. 2A and 18) close to the dorsal surface. Contrary to the reproductive system, the nervous system is very small in size that its detection, in a fresh specimen, is so difficult and so needs some patience and experience. However, it consists of an elongated nerve mass, bifurcates at both ends, forming what are referred to as anterior and posterior nerve trunks (Fig. 19) . At the most anterior apex of this mass, there is a spherical labyrinth-like structure comparable to that depicted in the text books for related forms (Parker and Haswell, 1974) . In the present species, it represents the dorsal tubercle (Fig. 19c) . In solitary ascidians, since the neural mass is always associated with a neural gland. This gland is not discernible in any of the present whole mount preparations of S. plicata. This nervous system changes in size, not in length, with the month and/or with the season. Fig. 19 shows four different sizes for comparison. It is the largest during September (Fig. 19b) ; fairly large during February (Fig. 19d) ; and moderately-sized during July, October-January (Fig. 19c) ; but it becomes the smallest in size during MarchJune (Fig. 19a) . 
Histology
The histological preparations added much more details providing a clear-cut picture for this very small neural complex. In the T.S., this system appears as a circular nervous mass of tissue, lying above the front end of the pharynx (branchial sac) (Fig. 20) . It is bounded by the wall of this pharynx and the atrial wall bordering its sides. To be differentiated from the muscles of the body wall, different stains must be used. However, triple and/or multiple stains were more suitable (Table III) . Not only these latter stains differentiate the tissue of the nervous complex from the neighbouring tissues, but also differentiate itself into two equal components lying side by side and in close connection (Fig. 21 ). According to Herdmann (1882-1883), these are the nerve ganglion and the neural gland.
Nerve ganglion
The T.S. at about the middle region between the tubercle and the posterion nerve trunks, shows the nerve ganglion consisting of numerous minute nerve cells. They scatter at random, but each touch the other by very short processes (dendrites). These nerve cells are with different outlines but with comparatively very large dense nuclei (Fig. 22) . It seems that they are of the multipolar types. The triple stains used give clear differentiation of their components (Table III) . On the other hand, it is so difficult to define the consistency of the ground material (neuroglia) embedding them. However, the critical examination of the different stained material enables to observe very small rounded cells, may have the same size of the nerve cell but faintly stained. They are irregularly intervene the nerve cells. At the level of the posterior nerve trunks, the section provides two important noteworthy observations: (1) these nerve trunks branch; and (2) the neural complex is no longer associated to the pharynx (Fig. 23) . Histologically, the nerve trunk appears as a compact mass consisting only of nerve fibres. One or more branches of these posterior trunks can be easily observed related to the muscles of the body wall. This picture is also repeated with the anterior trunks.
Neural gland
As the name of this component of the neural complex expresses, it is a glandular tissue. It appears, at the middle level, consisting of comparatively very large granulated, lacunated, and/or vacuolated cells (Fig. 24) . They are without definite order or outline, i.e., it is difficult to maintain their individuality. This is because of: (1) they are faintly stained compared to the nerve cells (Table III) ; (2) their nuclei may be very small or diffused; (3) their order is irregular.
Within the tissue of the neural complex, there is a comparatively huge spherical mass (Fig. 24A ) more related to the neural gland. It is composed of dense frothy and granular substance, with a wall having a nervous nature. Tracing this mass in more than one serial preparation, and at a level more anteriorly, evidenced that it is the duct of the neural gland. At this level, the complex is represented only by the gland with its duct (Fig. 25) . The latter having a wall similar to that previously described for the spherical mass. But its interior is occupied by densely granulated substance having deep staining affinity.
Tubercle
At the most anterior level of the neural complex (Fig. 25) , the nervous tissue is represented by the anterior nerve trunks, while the neural gland is represented by its tubercle (Fig. 19C) . It seems that, at this level, the T.S. of the specimen passes through the longitudinal axis of the tubercle just at its opening into the pharynx. This opening is always C-shaped (Fig. 25) . At this site the tubercle is funnel-shaped with histological appearance nearly the same as that of the pharyngeal wall. At either side of the base of the tubercle, the wall of the pharynx gives rise to a tooth-like fold, the so called peripharyngeal band or peripharyngeal ridge (Fig. 25A) .
Discussion
The present species, S. plicata, was observed in its natural habitat as solitary, sessile animal attached to a variety of substrates, mostly to iron ones. Those of the present work were collected from Abu-Kir Bay east of Alexandria, Mediterranean Sea. Prof. Dr. Khalil, S., one of the authors collected specimens of the same species in 1961 from another locality, the western Alexandria Harbour. The two localities, i.e., the Mediterranean habitat is comparable to that described for this species in the waters of North Carolina, USA, Atlantic Ocean (Tucker, 1942) ; and in the waters of the west coast of Tokyo Bay, Pacific Ocean (Yamaguchi, 1970 (Yamaguchi, , 1975 . This indicates that this species is a cosmopolitan animal.
Since Saad, himself, who collected all the specimens during the whole periods of his studies, though he became expert to inform the following significant observations:
(1) Number of specimens of each collection and that recorded in the table; refer to those with suitable size needed, not to the number present in the locality at that time. (2) Population of Styela increases with the increase of the depth of the locality, and changes with the change of the season. (3) Size of the animal also changes with the season. Large animals with length measuring from 10 mm up to 80 mm are found all the year round, especially during September to the following February. (4) It was noticed that most of the population of S. plicata measuring, may be from less than 5 mm in length, appears during March-May. This may be the product of the spawn of the preceding February. Also, it is the period during which one can obtain very young specimens of this species. (5) Adults with suitable large sizes are always found during October-December.
Two features must be discussed to give clear-cut picture for this species. First feature concerns the number of the gonads. Van Name (1921 , 1945 reported that the gonads are one or two in the left side, while in the right side these gonads are, generally, four in number. Studies of Khalil (1961) and the present work support this view for S. plicata. Another view believes that there is no definite number of gonads for this species. Tucker (1942) found specimens of S. plicata few as four or as many as twelve gonads. He added that there are usually 2-11 gonads in the right side, while in the left side they are two, occasionally 1 or 3. Further studies will support one of these views.
Second one concerns the nervous system, especially the position of the neural gland with respect to the ganglion and the length of its duct. It is well known that, in solitary ascidians, both siphons lie at the anterior region of the body. The portion lying in between these siphons, which is very small in extension, was referred to as the interoscular area of lacaze Duthiers Figure 25 (A) Shows the tubercle in the most anterior part of the nervous system, just at its opening into the branchial sac, ·100. (B) Magnification of the tubercle with its opening into the branchial sac, ·400. PB = peripharyngeal band; Tb = tubercle. (Herdman, 1882 (Herdman, -1883 . This area contains the nervous system which is completely embedded in the body wall. This system was studied very early, in different species of tunicates (Herdman, 1882 (Herdman, -1883 Hilton, 1913 and restudied by Mackie et al., 1974) . It was described as a very small system consisting of nerve ganglion, neural gland lying close to each other, and a dorsal tubercle (Herdman, 1882 (Herdman, -1883 . This author was interested mainly with the neural gland. Sheldon (1887) referred to this gland as hypophysial gland. The neural gland is completely over-looked in macroscopic observations, but its duct can be observed (its exact length is difficult to be measured). Michael et al. (2008) studied and discussed the structure of the nervous system of some ascidians. They then reported that the neural gland is a blind sac with folded walls that form separate lobules or acini and surrounded with a thin fibrous lamina. The latter stretches when the size of the gland increases. This nervous system was given different names. Carlisle (1950c) referred to the whole system as a neural region. Bone (1959) referred to it as the nervous system, while Bollner (1988) after Dawson and Hisaw (1964) referred to this system in tunicates by an appropriate name, the neural complex. The present work follows this terminology. Hilton (1913) studied the nervous system of Tunica nigra and, clearly, described that the neural gland on the ventral side of the ganglion is in places almost fused with the nerve center. Since that time of Hilton up till now, it was described that this gland lies either dorsal or ventral to the ganglion in the tunicates so far studied. The exemplified tunicates described in the familiar textbooks are generally Ciona sp. (Borradaile et al., 1977) and/or Ascidia sp. (Parker and Haswell, 1974) . S. plicata was not used as an example for this point in particular. As far as the present preparations of this work show it was not easy to determine this position. However, the two components appear lying beside each other, not neither dorsal nor ventral to each other. According to the orientation of the material in the process of embedding, the gland appears in the righthand side to the ganglion if it is naturally left in position.
Contraposition if it appears in the left-hand side. In S. plicata, the gland appears in the right-hand side. As far as the present work shows, the length of its duct cannot be delimited. However, it is obviously traced beside the nerve ganglion from about its middle level.
Concerning the third component of the neural complex, which is the tubercle, Hilton (Vide ibid) mentioned that the length of its duct differs among the different species. In T. nigra it extends from the end of the nerve ganglion to the tubercle and may be traced from the wall of the ganglion itself. The picture of the tubercle and its relation with the branchial sac seems to be similar to that illustrated for Ascidia (Parker and Haswell, 1974) . The presence of the peripharyngeal band on either side, at the level of the opening in the dorsal lamina, emphasizes this picture. Beyond this level, the nerve trunks and/or their branches were still observed. The presence of more than one nerve trunk and their branching seem to be a common feature in both specimens: T. nigra and the present species S. plicata. On the other hand, the two species differ from each other in the distribution of the nerve cells within the nerve ganglion. In the former species, it takes place in the peripheral area, while in S. plicata, this condensation was observed centrally. Anyhow, the fine histological and cytological structure of the nervous system of S. plicata is out of the scope of the present work.
Authors of the early times were interested to investigate and discuss the function of this very simple organ of tunicates. For example, Hilton (1913) evidenced that the ganglion innervates and coordinates the organs of the whole animal. He illustrated, in detail, the different nerve trunks arising from the ganglion of T. nigra and he traced and described those which innervate some parts of the body. It was not until years later that the available literature recorded important addition in this respect. Mackie et al. (1974) studied carefully the innervations of the branchial sac and the visceral ones of the ascidian Corella to investigate the ciliary control of the animal. No definite record that the gonads receive nerves. Goodbody and Fisher (1974) and Bone and Mackie (1982) stated that the peripheral nervous system in ascidians is difficult to study, i.e., the ramifications of the nerve trunks are hardly to be observed. Few years later, Burighel and Cloney (1997) described perfectly the fine ramifications of the nerve trunks of C. intestinalis. They concluded that the main nerves from both ends of the ''cerebral'' ganglion are represented by: paired anterior nerves, paired posterior nerves, and unpaired visceral nerve. From this above information, it appears that there almost an agreement concerning the fundamental function of the ganglion. However, that of the neural gland is still in dispute.
Going to the reproductive system, Styela as all ascidians is hermaphrodite. The full ripe gonad in an adult specimen appears, morphologically, that the ovary constitutes the largest portion. The testis, on the other hand, constitutes, mainly, the proximal third of this gonad. This picture does not conform to that reconstructed for the same species in the work of Tucker (1942) . It was understood from his work that the ovary extends the whole length of the gonad as a folded compressed tube. The testis in his view is attached to the ventral and lateral sides of the anterior portion of the tube. The picture in the present work may be so. But, (1) the critical macroscopical examination reveals that the testicular tissue begins partly before the end of the ovary. The gonad itself then extends, mostly, as a testis to its end; (2) moreover, it is easy to differentiate the two components from each other by their natural colour. During maturation the ovary undergoes cyclic change of colour from faint yellow to very deep reddish orange, while the testis always keeps the milky white colouration.
This discussion leads to survey the types of hermaphrodite animals: (1) an animal which has two types of gonads completely different from each other, even in their sites, e.g., Fasciola (the text books). (2) A second animal which has an heterogeneous coupled gonad, i.e., the female and male germinal epithelia are completely separate, but it is one gonad, e.g., Styela (present work). (3) A third animal has a compound gonad, e.g., Ciona intestinalis that the ovary constitutes almost the whole gonad. The testis is ramified into a great number of testicular diverticula . Another example is the compound gonad of the pulmonate snail, Eremina Ehrenbergi. The germinal epithelium of this gonad buds both types of gonial cells even side by side (Abd El-Kerim, 1988; Mehanney, 1991; and Bawab et al., 1992a,b) . So, this is a true compound gonad and generally it is called ovotestis (text books).
The histological picture in the present work is more or less in agreement with the description of Tucker (1942) ; the photos presented by Sabbadin (1957) ; and with the Figures illustrated by Khalil (1961) . Also, the picture of the acinus (T.S. of the ovary) is similar to that presented in the work of Tucker (1942) . But two scientifically important points concerning the lumen of the acinus and the oocyte itself are in disagreement in both works. Dealing with the first point, Tucker identified this lumen as a vas deference. At the same time, he described the testis of S. plicata as a cluster of grapes; each has a vas efferent which connects a common vas deferens. How can this be visualized? The histological picture in the present work shows the testis as convoluted tubules, T.S. of which is referred as testicular follicles appear with different sizes and outlines. The second point, the two works show that the oogonia and/or the young oocytes are attached to the germinal epithelium, while the older ones are far from this layer. Tucker described these displaced growing oocytes as stalked ones, i.e., keeping their attachment to the germinal epithelium. No evidence in the present work was observed to agree or disagree with this observation. However, the present work observed and followed the development of these oocytes in different serial preparations. It shows that these oocytes develop and displace from the germinal epithelium as those of the definitely non-stalked ones of E. Ehrenbergi (Mehanney, 1991 and Bawab et al., 1992b) . It is worth to mention that this work of Tucker (1942) is the only one, so far, in the available literature dealing with S. plicata from the same view of the present work. So, there are no other views to be discussed.
During maturation, the testicular follicles always appear in different stages of spermatogenesis and spermeogenesis. Few of these appear, mostly during May, without germinal wall and with undistinguishable central content. The presence of these side by side with the maturing ones proves that the testis matures all the year round. Any how the testis is not in consideration. The main aim of the present work is the maturation of the ovary and the growth of the oocytes, in specific. Tucker (1942) was interested largely in the egg envelopes of the same species, S. plicata. Later on Bawab and El-Sherief (1988) studied the reproductive cycle of the crab Portunus pelagicus on the basis of the monthly morphological changes of the reproductive regions. The present work followed this plan of study. It added to the work of Tucker a satisfactory description for the early stages of the oocytes. It shows their change in size and colour in correlation with the months of the year. The differentiation of their affinity to the different applied stains also a significant approach. Both two results are worthy to be used for the interpretation of more than one vital activity: growth of the oocyte and the breeding of the animal. First is the growth of the oocyte which is defined by the process of deutoplasmogenesis (vitellogenesis); attaining egg membranes (envelopes); and ovulation (which is expressed by the breeding of the animal). (1) Deutoplasmogenesis is the formation of the yolk during the growth of the oocyte, always accompanied with cyclic change of its natural colour. The latter begins with pale yellow to deep reddish orange attained by the full grown oocyte. It is clearly observed in the live and/or fresh specimens of Styela. The stains used in the histological preparations were quite indicative that the oocyte gradually gains and/or synthesize some different materials, especially proteins. Sometimes the latter is associated with mucopolysaccharide (Gardiner, 1972) . This is the preliminary indication for the process of vitellogenesis. This process was not described for the oocyte of Styela or for any other ascidians so far studied in the available literature. Anyhow, this process is out of the scope of the present work, but it attracts the attention of one of the authors (Saad, 2008) . At the same time, this process was studied in other two animals in the same laboratory. One of them is the crab P. pelagicus (El-Sherief, 1982; Bawab and El-Sherief, 1987a,b) and the other is the snail E. Ehrenbergi (Mehanney, 1991; Bawab et al., 1992b) . Further evidence from the studies on the ascidians themselves, Newberry, 1968 studied the gonads and ''sexual'' cycle of Distomus variolosus. He described that its oocyte gains yolk during the course of its enlargement. Later, Reverberi (1971) reviewed and tabulated the colour of the ''yolk'' spheres correlated with the size of the eggs of different ascidians so far studied.
Not only this process occurs during development, but at the same time the oocyte (2) attains follicle(s) and egg membranes. The most famous follicular oocyte is that of mammals which has multi-layered follicle (Bloom and Fawcett, 1975) . That of tunicates is the most attractive object to be studied from more than one aspect. For example, in the experimental work Morgan (1942) published his work dealing with cross and self fertilization on the ascidian Styela. It appears that the follicular oocyte is the rule within the different species of ascidians (Tucker, 1941 and 42; Sabbadin, 1957; Kessel, 1962; Seshachar and Rao, 1963; Newberry, 1968; Reverberi, 1971; De-Santis et al., 1980; Honegger, 1986; Deno, 1987; Sugino et al., 1987) . There are several controversial views concerning the structure or/and morphology and function of the follicles. Michael et al. (2008) reviewed this aspect and reported, e.g., that the follicle cells in Ascidiella aspersa and C. intestinalis are a single layer of elongated conical-shaped and highly vacuolated cells attached to the outer surface of the chorion (Lambert and Lambert, 1978; Rosati and De Santis, 1978; De-Santis et al., 1980; Mansueto et al., 1984; Honegger, 1986) . This type of follicle cells plays a role in the float of eggs (Lambert and Lambert, 1978) . The oocyte of S. plicata differs since the results obtained from the present work proved that it attains an outer follicular layer (simple squamous epithelium); an inner follicular layer (simple cubical epithelium); a noncellular chorion; and a discontinuous layer of test cells embedded in the peripheral layer of the cytoplasm. It was interpreted that the outer follicle layer may be for protection during the maturation of the oocyte. This function has no counterpart in the review of Michael et al., 2008 . Oppositely, the inner follicle layer has more than one function: it may provide the cytoplasm with the raw or/and synthesized material(s) of yolk, i.e., involves in vitellogenesis; it is definitely involved in the synthesis of the chorion (these two functions are the same in view of (Mancuso, 1965) ; it may elaborate the chorion (Cotelli et al., 1981) . However, the ultrastructural study of oogenesis in a cephalopod, Loligo pealei evidenced that the materials constituting the chorion are follicular product (Selman and Arnold, 1977) . It is appropriate to mention that this chorion is the principal means for the protection of the embryo during embryogenesis . The test cells, the unique character which distinguishes the oocyte of ascidians since it has no counterpart in any other vertebrate animal (Reverberi, 1978) . These cells were observed very early and Morgan (1927) recorded that ''the surface of the egg consists of broad envelope of protoplasm in which are embedded peculiar test cells that have been derived at an early stage from the tissues of the ovary. They are later expelled from the egg, and take no part in its development.'' It was understood from the later available literature, especially that of Tucker (1942) , that the initial follicular squamous epithelial layer divides. It forms the two outer and inner follicle layers and then some of the latter invade the periphery of the developing oocyte forming the test cells. No indication of division of follicular cells was observed in the present work, but some cells were observed surrounding the developing follicular oocyte. These may be the precursor of the test cells of S. plicata, as they may be so for the follicular cells themselves. Neither definite nor acceptable view concerning their function was encountered, however, the review of Michael et al. (2008) recorded that the test cells: (a) control the morphogenesis of the larval tunic (Cavey, 1976; Satoh et al., 1982; Cavey and Cloney, 1984) ; (b) nourish the oocyte (Kessel and Kemp, 1962) ; (c) provide the oocyte with yolk precursors (Mancuso, 1965) ; or (d) produce the pigment (Kessel, 1962) . In S. plicata, the present work gives clear-cut histological evidence that they play a role in the process of vitellogenesis. This is confirmed, at least, by their fading during the late stages of ripening and their almost complete disappearance during the homogeneity of the yolk of the oocyte. Seshachar and Rao (1963) presented indirect support for this view. They studied the cytochemistry of the test cells in the developing oocyte of the tunicate Pyura squamulosa. Most of the reactions they used gave the same results obtained later in the study of deutoplasmogenesis in S. plicata (Saad, 2008) . (3) The third vital activity done by the oocyte, just after growth, is its ovulation. The follicle cells in this species may share in this ovulation, as the two later stages of development it undergoes show in the present work. These two stages are advanced than that described, e.g., in the work of Tucker (1942) and in the review of Reverberi (1971) . However, few special cells derived from the germinal epithelium are observed touching the ripe oocyte. These may help or may be responsible for this vital activity.
This ovulation is expressed by the spawning and breeding of the animal. This is the second result obtained from the present work as mentioned above (see p. 19). The animal spawns within a short period of the breeding season (in public it is familiar to refer to this period as period of maturity of the species). The successive stages of this maturity occurred within a definite time, e.g., a year, are referred to, generally, as a reproductive cycle. The latter of S. plicata is characterized by two spawns (two ovulations), i.e., two ovarian cycles. So, the reproductive cycle of this species can be investigated as follows: it begins with the beginning of spring and the first ovulation occurs during early autumn while the second one occurs at the end of the following winter. March can be considered the end of the cycle or the interbreeding period. This cycle is a support for earlier view for S. plicata and S. partita . These authors recorded that ''both the pleurogoneate ascidians S. plicata and S. partita have ripe gonads during the period of autumn and winter while spring and summer are considered inter-breeding periods''. However, the works of Yamaguchi (1970 Yamaguchi ( , 1975 are the strongest support for this cycle. He studied the spawning, growth and reproductive cycle of some tunicates, S. plicata within them in Japanese waters. He observed this species during spawning in the natural habitat, and confirmed his observations by cultivated specimens. He concluded that approximately three rather distinct generations per year were recognized for this species. He also confirmed his conclusion by the work of Kazihara (1964) who recognized two distinct breeding populations per year in another warmer locality.
Only two comparable works dealing with S. plicata were encountered: that of Tucker which was directed to investigate the egg envelopes; and that of Sabbadin (1957) which was directed to determine the life cycle. This latter author showed that breeding is continuous from the early spring to the late autumn. During this ''breeding season'' animals undergo several ''reproductive cycles'', i.e., several new generations are produced, at least, three in S. plicata.
1 Another author dealing with the same present view, but for another species, S. rustica was Lu¨tzen (1960) . He reported that he never observed spawning and he failed to induce this process artificially neither by light nor by sperm suspension. He added that the accurate description of the ''annual'' cycle of the gonad can only be based on observations of the changes of the histological structure of this gonad throughout the year. This is exactly the same done for S. plicata in the present work. Also the same done for the crab P. pelagicus (El-Sherief, 1982; Bawab and El-Sherief, 1987a ) and the snail E. Ehrenbergi (Mehanney, 1991; Bawab et al., 1992b) in the same laboratory. Lu¨tzen concluded that the ovary of S. rustica ovulates once a year during winter days beginning in January and ends during February. In this, it differs from S. plicata and this difference may be reflection to the difference in the climatic factors, since the former species is a population of Sweden waters, i.e., arcitic seas.
It remains to give histological evidences from the present work itself. (1) Autolyzed large oocytes were observed in the acini of March and October. There is a significant difference between the pictures of the two acini. That of March is fully occupied with autolyzed oocytes, while few ones are so in that of October. Carlisle (1950a) referred to these autolyzed ones of Ciona to corpus luteum, i.e., the empty follicle remained after ovulation. It is formed in some viviparous and ovoviviparous vertebrates and in mammals. It increases in size if there is pregnancy, if not it disappears quickly (Marshall and Williams, 1975) . In mammals this corpus luteum has an important role in the maintenance of the following pregnancy (Keele and Neil, 1973 ). The present work gives different interpretation that this autolyzed oocyte failed to be ovulated. This is because the spawn of September is the peak that the failed ones are few during October, while the spawn of February is less in number that the autolyzed ones are many. To be comparable with corpus luteum needs interest and intensive investigations. (2) Ripe large oocytes which reach optimum size with full specific envelopes and attain reddish orange colour were observed during September-October and during February. (3) The successive changes occur in the histological pictures of the acini during March-September are repeated during November-February.
It remains to discuss the relationship between the nervous and reproductive systems of tunicates in the light of the available literature and the present study. The investigations and experimental evidences recorded by Herdman (1882 Herdman ( -1883 concluded that the neural gland is homologous with the pituitary gland of vertebrates. Later on, in 1930, Butcher studied the gland of Molgula manhattensis and experimentally he ascertained that it is a pituitary in function. Carlisle (1950b) restudied experimentally this point. He prepared extract from the neural complex (ganglion-neural gland-ciliated pit) of two other Ascidians, Phallusia mammilata (Cuvier) and Ciona intestinalis (Linnaeus). He injected the extract of the former animal into three female mice aged 26 days, and then he injected them by extract of body tissues of other specimens. He observed the effect on the ovaries and ova of the mice. He repeated the experiment by injecting the latter extract into the dorsal lymph-sac of three male toads to observe its effect on their testes. He concluded that a gonadotrophically active substance can be extracted from the so called neural complex of Phallusia and Ciona, and presumably of Ascidians in general, but not from the rest of the body. He also observed that an injection of chorionic gonadotrophin into both of the above animals stimulates ovulation. Hisaw et al. (1966) presented observations of another type of experiments. They did not support this view. This means that the gonadotrophic function of the neural gland of ascidians was, at that time, still in doubt. At the same time, no histological evidences were encountered to support this function. It is worthy to keep in mind that the principal aim of this work was to investigate the function of the nervous system in correlation with reproduction in S. plicata. Unfortunately, this aim could not be realized. In spite of this, the work offers good opportunity to investigate this function. It provides two scientifically significant and important points: (1) It shows that the histological pattern of the neural gland of S. plicata is largely the same as that of Molgula, especially the granulatd, lacunated and/or vacuolated cells; (2) The macroscopical examination provides a worthy observation that the size of the nervous system as a whole, changes with the months of the year. It is reasonable to suppose that the ganglion does not change in size and only the gland which can do so, since it is a secretory organ. This secretory function is an old view as indicated above. It was recorded and well discussed in the available literature published at the end of the nineteenth century and the beginning of the twentieth one. During the second half of the latter, Georges (1974 Georges ( , 1978 concluded that this gland and its funnel in ascidians have been homogenized to the vertebrate adenohypophysis. Moreover, it plays a regulatory role in spawning, i.e., it is the set of circadian rhythm. Up-to-date view concluded that this gland controls the secretion of Gonadotropin-Releasing Hormone (GnRH) Peptides (Tello et al., 2005) .
If these above views are scientifically reasonable and so be acceptable, then the results gained from the present work can be explained. First, it was evidenced morphologically and histologically that the size of the nervous system of S. plicata fluctuates within the year due to the change of the size of the secretory neural gland. It is small during the spring, increases gradually in its size during the summer months. It shows its largest size during autumn, especially during September. Second, it was evidenced that this largest size of the gland is synchronized with the highest peak of activity during the breeding season, since the first spawn of the ovarian cycle occurs during September.
Conclusion
1. Breeding season of S. plicata is the period of autumn and winter. But the reproductive cycle (oogenesis and spermatogenesis) begins in late spring (April), since March is the inter-breeding period. It continues to the following February. It includes two ovarian cycles with two ovulations. First ovulation is the peak during September-October; second during February. On the other hand, the testicular activity is continuous all the time. 2. The vital activity of the gonads is under control of the secretions of the neural gland of the neural complex.
3. The oocyte has, in addition to the two follicular layers, chorion and test cells, but ovulates enclosed in the chorion only.
